Background: Literature identifying risk factors for self-extubation in trauma patients is limited.
Introduction
Endotracheal intubation and mechanical ventilation (MV) are lifesaving measures for many critically ill patients including trauma patients. Current practice standards support weaning of MV as quickly and safely as possible in order to prevent complications such as ventilator associated pneumonia, atrophy of respiratory muscles, and ventilator dependence. Despite even the best attempts to wean MV up to 11% of patients will prematurely remove their endotracheal tubes themselves. [1] [2] [3] [4] Serious complications can arise following unplanned extubation including tracheal edema, vocal cord damage, aspiration pneumonia, and most commonly, respiratory compromise resulting in the need for reintubation. Self and unplanned -extubation in medical ICU patients has been associated with a higher need for reintubation, longer duration of MV, ICU, and hospital stays. [5] [6] [7] [8] In previous studies patients requiring reintubation following unplanned extubation have demonstrated higher mortality rates compared to patients not requiring reintubation. [7] [8] While several studies have included trauma patients as part of their total patient population, there are no published studies evaluating self-extubation exclusively in the trauma patient population. 2, 3, 9, 10 Studies conducted in critically ill adults have attempted to determine factors associated with self-extubation. 2, 6, [10] [11] [12] Disease states, co-morbidities, vitals, laboratory values, process of care variables, patients' condition immediately prior to the event, and substance use/abuse are some of the risk factors identified in the existing critical care literature. [6] [7] [8] [9] [10] [11] [12] [13] Scientific literature regarding self-extubation in trauma patients is limited, thus the purpose of the current study was to identify commonalties in histories, comorbidities, and medical management of trauma patients who self-extubated. This study also examined risk factors and differences in patient outcomes in those who self-extubated compared to a matched no self-extubation cohort.
This is a retrospective case-control study of MV trauma patients admitted to a Surgical Trauma
Intensive Care Unit (STICU) at a Level I trauma center between January 1, 2007 and September 30, 2011. All patients were under the care of a trauma surgery intensivist. Patients were included if they were 18 years of age or older and required MV for ≥ 48 hours. Patients who selfextubated were identified through the trauma registry maintained by the hospital's Department of Trauma. Those admitted to the STICU during the same time period who were mechanically ventilated, but did not self-extubate were identified through the trauma registry and then matched to the self-extubation patients on a one to one ratio based on Injury Severity Score (ISS, ±5), and date of admission (± 3months). ISS is an anatomical score that evaluates trauma severity based on various body regions' injuries. The score has been shown to correlate linearly with morbidity and mortality based on trauma victim's injuries. 14 Patients were excluded if they self-extubated following discharge from the STICU, had a tracheostomy prior to admission to the STICU, extubation was accidental (staff manipulation or moving the patient), or if documentation of the self-extubation could not be found in nursing or physician notes. This study was approved by the facility's Institutional Review Board.
Electronic patient records were evaluated to collect patient demographics, admitting diagnoses and injuries, past medical history and comorbidities, and Glasgow Coma Scale (GCS) score upon arrival ( Figure 1 ). Serum alcohol and urine drug screens were used to identify patients who were potential substance users and/or abusers. A patient was considered positive for substance use/abuse, if an agent was present in the admission urine drug screen and had not been administered by emergency service personal (EMS) prior to presentation in emergency room.
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Patients were also considered to be substance users/abusers if there was documentation of prescribed or recreational use of controlled substances in their medical records.
Additional information was collected for the 12 hours preceding a self-extubation.
Patients who self-extubated more than once had peri-extubation data collected for the 1 st selfextubation event only. This data included: Richmond Agitation and Sedation Scale (RASS) scores, sedative, and analgesic pharmacotherapy in the 12 hours prior to the self-extubation event ( Figure 2 
Results
Ninety patients were identified by the Trauma Registry as having self-extubated during the study period. After review of medical records, five patients were found to have been extubated per the treating practitioner's orders and were excluded. Additionally, four patients had inadequate documentation in the nursing and physician notes to determine that extubation was a true self-extubation event. The remaining 81 patients were included in the self-extubation arm and compared to 81 patients matched in the control arm resulting in a total study population of 162.
The median ISS score for all study patients was 24 . No difference in baseline characteristics and comorbidities was found between the two groups, except for a greater percentage of males in the self-extubation cohort (80% vs. 63%, p=0.04). Traumatic injuries did not differ between the two groups ( Table 1 ). There was also no gender specific differences in the incidence of substance use/abuse (males 73.5% vs. 66.7% females, p = 0.503). Significantly higher rates of alcohol (53.1% vs. 32.5%, p = 0.01), nicotine (64.2% vs. 45.7%, p = 0.03), and tetrahydrocannabinol (THC) (30.9% vs. 12.3%, p=0.01) use/abuse were seen, however, in patients who self-extubated (Table 2 ). There was also a 10% higher rate of opiate use/abuse in the self-extubation group, however, this did not reach statistical significance (p = 0.15) There were no additional significant differences between the study cohorts when comparing the incidence of use/abuse with other substances, including benzodiazepines. The incidence of polysubstance (≥2 substance) use/abuse was significantly higher in the self-extubation cohort when compared to the cohort that did not self-extubate (66.7% vs. 45.7%, p=0.008). In patients who had a positive history for nicotine use, in-hospital nicotine replacement therapy (NRT) was not significantly different with 37.8% of patients who self-extubated receiving a nicotine patch compared to 28.8% in non-self-extubated patients (p=0.51).
6
Logistic regression was conducted with factors significantly associated with selfextubation in univariate analyses. The following independent variables were entered into a logistic regression model: male gender, THC, alcohol, and nicotine use. Only male gender and THC use were independent predictors of self-extubation (THC: OR=2.550, 95% CI=1.075-6.047, p=0.03; male gender: OR=2.240, 95% CI 1.063-4.718, p=0.03, Table 4 When evaluating outcomes, patients who self-extubated had a lower incidence of hospital mortality as compared to patients who did not (2.5 % vs. 13.6%, p =0.02). There was no statistically significant difference in duration of MV, ICU LOS, or other evaluated outcomes (Table 5 ). Based on a review of the medication administration records of all patients who selfextubated, there were 16 medication changes made in 11 (13.6%) patients in the 12 hours preceding the self-extubation event. Twelve of these changes involved adjustments to the frequency of a scheduled analgesic or the conversion of a continuously infused analgesic to an intermittently administered regimen. Out of the 81 self-extubating patients, 29 (35.8%) had RASS scores (+1 to +4) indicative of restlessness or agitation immediately prior to the extubation event.
There were 47 (58%) patients that self-extubated and required reintubation. Over onehalf (55.3%) of those who required re-intubation were mechanically ventilated within an hour of self-extubation. This percentage increased to 87.2% within 24 hours. There was no difference seen in GCS, ISS, or RASS scores between the patients who self-extubated and required reintubation and those who did not. Comparison of self-extubated patients who required re-7 intubation versus self-extubated patients that did not require reintubation, revealed a longer duration of ICU LOS (13 [9] [10] [11] [12] [13] [14] [15] [16] [17] vs. 6.5 [4] [5] [6] [7] [8] [9] [10] [11] days, p <0.001) and MV (11 [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] vs. 4 [3] [4] [5] [6] days, p<0.001) for the re-intubation group. Examination of the baseline characteristics between these two groups revealed no significant difference in age, GCS, ISS, or RASS scores observed in the peri-extubation period (Table 6 ). Mortality between the two groups did not differ (4.3% vs.
0%, p=0.51).
Discussion
In this study, characteristics and outcomes of trauma patients who self-extubated during ICU hospitalization were compared to matched controls. Mortality rates for patients who selfextubated were significantly lower compared to patients who did not self-extubate. There were no differences in baseline characteristics including ISS, type of injury, or comorbidities, therefore, the lower mortality rate seen in the self-extubation group may be attributed to an unstudied variable. In addition the difference in mortality may also be explained by any, or a combination of the following factors. The first explanation could be the fact that regimented, protocol-based assessments to evaluate readiness for extubation were not routinely performed during the study period. Accordingly, a portion of the self-extubation patients may represent those who no longer required MV. This conclusion appears to be supported by the higher mortality rate seen in the group of patients who required re-intubation after an initial selfextubation. While this difference did not reach statistical significance, it suggests a dichotomy among the self-extubation group given that the overall trend in mortality for this group was lower than that of the no self-extubation group. A portion of the self-extubation patients may also have been more alert, in better clinical condition, and therefore physically stronger, affording them to the ability to extubate themselves. Additionally, patients who self-extubated 8 and did not require reintubation had a shorter duration of MV and ICU stay placing them at a lower risk for nosocomial complications and their associated morbidity and mortality.
Similar comparisons that included, but were not limited to trauma patients, have had mortality rates that were similar between patients who self-extubate and those with planned extubations. 2, 5 These findings are in contrast, however, to the study conducted by Atkins and colleagues where a non-significant decrease in the mortality rate was observed in patients who did not self-extubate. Accordingly, given the variability in outcomes among the available body of literature, it is difficult to conclusively determine the impact of self-extubation on hospital mortality. While conclusions cannot be drawn regarding the causality between self-extubation and mortality from the comparisons in this study, interesting outcomes were observed in some of the evaluated morbidity comparisons. The rate of reintubation (58%) is similar to that reported in a recent review of 50 articles examining unplanned extubation. This review found the median rate for reintubation following self-extubation to be 45.8% with an interquartile range of 37.5-58.1%. 15 The current study found that 58.1% of patients who self-extubated required reintubation with over ½ of those patients requiring MV within 1 hour of self-extubation. These findings further support the paradigm that methods used during the study period for determining when patients were candidates for extubation likely need to be revisited or more consistently practiced.
Furthermore, nearly half of the patients who self-extubated did not require reintubation suggesting that the frequency of evaluation for possible extubation should be performed more frequently to ensure that liberation from MV occurs in a timely fashion.
Additional findings of the current study assessed the association between pre-existing substance use/abuse and self-extubation. There are a limited number of additional studies reviewing this type of association, however, one study of medical and surgical ICU patients by nicotine use. 6 The current study also found this to be prevalent in the trauma patient population.
In addition, our study found that the use of NRT was not different between the patients who selfextubated and those that did not, suggesting that NRT may not be an effective preventative measure for self-extubation. There are potential limitations associated with this finding however, as the study was not specifically designed to test the utility of NRT as an intervention to prevent self-extubation. This study also did not perform an analysis comparing the strength of nicotine patch utilized versus the reported amount of nicotine consumption. In addition, there were no assessments evaluating NRT in relation to the timing of patients' self-extubation. Despite limitations, these findings are supportive of previous data evaluating the efficacy of nicotinebased NRT in patients with chronic nicotine exposure. In a study by Teneggi and colleagues the investigators found that replacement therapy with nicotine patches was effective in curbing craving symptoms, but ineffective in preventing other common withdrawal symptoms such as irritability, anxiety, restlessness, and hostility. 16 Accordingly in the current study NRT with patches appeared to have no effect in the prevention of self-extubation in patients with a history of nicotine use.
Unlike the current study, previous studies have failed to find an association with alcohol use in patients who self-extubate. 2, 6, 12 It is possible that the patients in the self-extubation group of the current study did not receive adequate prophylaxis for alcohol withdrawal and were therefore predisposed to experience complications such as self-extubation. There is limited data assessing the incidence and implications of alcohol withdrawal in critically ill trauma patients who are admitted with positive serum alcohol concentrations. A recent study by Sharp and colleagues evaluated the incidence of withdrawal symptoms in non-ICU trauma patients who were admitted with positive serum alcohol levels. This study found that only 3.6% of these proportion of trauma patients require treatment for alcohol withdrawal. However the study was conducted in non-critically ill patients and caution should be made in applying the results of Sharp and colleagues' study to trauma patients in the intensive care setting. The current study did not evaluate the implementation of preventative measures for alcohol withdrawal. However, the findings of the current study highlight the importance of insuring that measures to prevent misadventures in care are consistently implemented in critically ill trauma patients with a history of alcohol use.
Several studies have identified lack of sedation therapy prior to self-extubation as a risk factor for self-extubation . 2, 11 The current study found that 13.6% of patients had a change in their sedation and analgesia therapy prior to self-extubating. Due to the design of this study a side by side comparison of changes in sedation and analgesia therapy and its effect on consciousness levels between the two study cohorts could not be performed. However, it appears that changes in pharmacotherapy did not frequently occur prior to incidents of selfextubation.
Male gender and THC were found to be predictors of self-extubation in the current study population. The finding of male gender as a predictor of self-extubation in the critically ill is consistent with previously published findings. 8, 15, 18 THC however, the strongest predictor of selfextubation in the current study, appears to be a novel finding in the critical care literature as previous studies have not reported a similar association. The finding in the current study is likely influenced by the significant association seen with concomitant substance use in this patient population as 100% of patients who were positive for THC were also positive for other substances. The predictive qualities of THC on self-extubation may be largely reflective of the cumulative influence of polysubstance exposure versus the influence of THC alone.
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Accordingly, patients positive for multiple substances in our second regression model were more than 3-times more likely to self-extubate.
While trauma patients have been included in several previous studies, this is the first study to be conducted exclusively in the trauma patient population 2, 3, 10 In addition the current study is one of the largest to date, providing a large sample size to detect differences in several important patient characteristics.
Limitations consistent with that of retrospective research are pertinent to the current study. Inherent variation and availability of documentation resulted in the exclusion of four potential study patients. Serum alcohol and urine drug screens were used as a screening tool for substance use and abuse. Although the investigators attempted to identify urine drug screens that were positive due to iatrogenic exposure to opioids and benzodiazepines by EMS, it is possible that patients may have been erroneously documented as substance users.
Conclusion
Critically ill trauma patients who self-extubated were found to have significantly lower mortality rates and duration of hospitalization compared to those who did not self-extubate.
These findings in conjuction with a reintubation rate of 58% suggest that many patients were likely intubated despite being clinically ready for liberation from MV. Accordingly, these findings suggest that methods for determining patients' readiness for extubation need to be consistently practiced in a regimented, prospective fashion.
Patients positive for 2 or more substances were 3.2 times more likely to self-extubate.
Self-extubated patients who required reintubation had a significantly longer duration of MV and ICU LOS. These findings highlight a subset of trauma patients that would likely benefit from specialized patient care strategies geared towards the management of the various clinical issues 12 commonly associated with pre-existing substance use such as higher sedative and analgesic requirements, and the propensity to develop withdrawal syndromes. Accordingly, future efforts should focus on early identification of these patients and the implementation of individualized clinical management strategies geared towards prevention of self-extubation and timely extubation from MV when clinically indicated. 
